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(54) Switching bridge circuit 

(57) A bridge circuit for controlling the supply of current to a load 1 1 from a d.c. source 13 includes four 
semi-conductor switches to Q 4 each in parallel with a diode D, to D 4 . The voltage across the load 1 1 is 
fed back at 18 to be compared at 19 with the instantaneous value of an input wave form 12 of desired 
shape, and any error between the desired voltage and the actual voltage produces an error signal which 
controls by logic means a pulse width modulator for appropriate control of the switches to Q 4 . 

If the error is positive the circuit will alternately draw current through the load from the supply and allow 
the current to free wheel in the bridge circuit, whereas if the error is negative the circuit will alternately 
arranged for current in the load to be regenerated to the supply and to free wheel in the bridge circuit. 

Fairly accurate tracking of the input wave form can be achieved. The load 1 1 may be a linear motor 
driving a reciprocating compressor. 




The drawings originally filed were informal and the print here reproduced is taken from a later filed formal copy. 
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SPECIFICATION 

Switching bridge circuit 

5 This invention relates to switching bridge cir- 
cuits for example the type of circuit in which 
four semiconductor switches connected in the 
four legs of an H are controlled by a pulse 
width modulating or other drive in accordance 
10 with desired characteristics to control the flow 
of current in a load connected in the cross bar 
of the H. 

It is an object of the present invention to 
improve the operation of such a bridge circuit, 

15 so that the characteristics of operation of the 
load can accord more accurately with the de- 
sired characteristics. 

According to the present invention a switch- 
ing bridge circuit for driving a load from a d.c. 

20 supply has the switches in the bridge con- 
trolled in accordance with the desired load 
wave form. 

In preferred embodiments a function of the 
load current or load voltage is fed back and 

25 compared with an input wave form and any 
resulting error signal is used to control the 
switches. Logic means may be arranged to 
operate the switches so that when the error 
signal has one polarity energy is fed from the 

30 load to the supply, and when the error signal 
has the other polarity, energy is drawn to the 
load from the supply. 

It is also possible to have a mode of oper- 
ation in which current in the load free wheels 

35 in the bridge circuit without drawing energy 
from the supply or supplying energy to the 
supply. 

If the input wave form is an alternating 
wave form logic means may be arranged to 
40 ensure that the appropriate pair of diagonally 
opposite switches are used to control the load 
current or voltage in the respective positive 
and negative portions of the input wave form. 
In a preferred embodiment of the invention 
45 pulse width modulation of the appropriate pair 
of diagonally opposite switches is used to 
control current in a load. 

Then if the required load output is lower 
than the actual load output so that the error 
50 signal is positive one of the diagonal pair of 
switches is switched on while the other is 
duty cycle modulated so that the circuit alter- 
nately supplies current from the d.c. supply to 
the load and allows current in the load to free 
55 wheel. 

On the other hand when the required load 
output is greater than the actual load output 
and the error is negative, one of the switches 
can be switched off and the other duty cycle 

60 modulated so that current in the load alter- 
nately is regenerated to the d.c. supply and 
allowed to free wheel. 

According to another aspect of the inven- 
tion, a switching bridge circuit for driving a 

65 load from a d.c. supply includes means for 



supplying a reference signal defining a desired 
load wave form and feedback means for feed- 
ing back to a control circuit a signal derived 
from the current in, or voltage across, the 
70 load. 

The invention may be carried into practice in 
various ways and three embodiments will now 
be described by way of example with refer- 
ence to the accompanying drawings, each 

75 figure of which is a block circuit diagram of 
one of the embodiments of the invention. 

Each circuit is for driving a linear motor 1 1 
which drives a reciprocating compressor and it 
is desired that the load voltage closely follows 

80 the input voltage at 1 2 so that by providing 
the appropriate alternating input voltage at 12 
the compressor can be driven in a corre- 
sponding manner. In one example a 50 Hertz 
sine wave is supplied at 1 2 so that the com- 

85 pressor piston will oscillate with motion ap- 
proximating to simple harmononic motion at 
50 Hertz. 

The supply to the motor 1 1 is from a d.c. 
source 13 through a bridge network consisting 
90 of four switches and theload in an H configu- 
ration. 

The load 1 1 is connected in series with an 
inductor 14 in the crossbar of the H and there 
is a switch in each of the four arms of the H 
95 which consists of a power MOSFET Q in par- 
allel with a diode. 

It will be appreciated that when the swit- 
ches Q1, and Q 4 are closed (and Q 2 and Q 3 
are open) current will flow from the d.c. sup- 

100 ply 13 through the load 11 in one direction 
whereas when the switches Q 2 and Q 3 are 
closed (and 0., and Q 2 are open) current will 
be driven through the load in the other direc- 
tion, as shown by i,. 

105 If Q 3 is opened, while Q 2 remains closed, 
current i 2 will flow through the load ll, switch 
Q 2 , and the diode D 4 in a freewheeling path, 
with energy being neither drawn from the sup- 
ply 13 nor returned to it; when Q2 and Q3 

1 10 are both open, current i 3 flowing in the load 
1 1 from right to left will flow through the 
diodes D, and D 4 and return energy to the 
supply. 

The instantaneous polarity of the input sig- 

115 nal at 12 determines whether switches Q 2 and 
Q 3 are to be used for current to flow from 
right to left or whether switches Q, and Q 4 
are to be used for current to flow from left to 
right. A detector 16 sensitive to the polarity 

120 of the input 12 provides one input to each of 
four AND gates each of which has an output 
controlling one of the switches Q t to Q 4 The 
output of the detector 16 is also fed to a 
changeover unit 17 for determining the sense 

125 of the error signal in dependence on whether 
the input waveform 12 is in a positive or a 
negative half cycle. AND gates G, and G 4 have 
their inputs from the detector 16 connected 
through invertors so that their outputs will be 

130 0 and their switches off during positive half 
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cycles of the supply. During those positive 
half cycles the gates G2 and G3 will receive a 
1 input from the detector 16. 
A feedback signal proportional to the vol- 
5 tage across the load 1 1 is supplied at 18 to a 
comparator 19 for producing an error signal in 
response to any difference between the in- 
stantaneous value ofthe input voltage at 12 
and theload feedback voltage at 18. That er- 

10 ror signal after passing through the change- 
over unit 17 is supplied to a pulse width mo- 
dulator controller 21 which operates in combi- 
nation with a modulus unit 22 and a modula- 
tor 23 to supply a square wave signal at 24 

15 for switching the switches Qj to Q 4 on and 
off as required. The square wave may be of 
constant frequency but with mark and space 
lengths controlled in accordance with the mag- 
nitude of the error signal and thus in accor- 

20 dance with the extent to which the load vol- 
tage is not tracking the input voltage. 

The error signal is also fed to a detector 26 
responsive to the sense of the error signal to 
supply a signal to one input of a NOR gate 27 

25 whose output is connected to one input of 
each of AND gates G 2 and G 4 . The output at 
24 from the pulse width modulator 23 is fed 
through an invertor to the other input of the 
NOR gate 27. 

30 The output of the NOR gate 27 is used to 
control the switches Q 2 and Q 4 in the respec- 
tive negative and positive half cycles of the 
input 1 2 so that the freewheeling circuit such 
as i 2 or the regenerating circuit such as i 3 will 

35 be used in dependence on whether the load 
voltage is below or above the corresponding 
instantaneous input voltage. 

The output from the detector 26 is also 
connected to one input of each of the AND 

40 gates G, and G 3 for ensuring corresponding 
operation of the switches Q 1 and Q 3 . 

The effect is that if the voltage across the 
load 1 1 is less than the voltage corresponding 
to the input 1 2 so that the error signal is 

45 positive,then Q 2 is permanently on and Q 3 is 
modulated on and off by the pulse width 
modulated square wave to increase the load 
voltage. That is for positive half cycles of the 
input at 12; for negative half cycles it will be 

50 Q 4 that is permanently on and that is cy- 
cled on and off. 

On the other hand if the voltage across the 
load is greater than the voltage equivalent at 
12 then Q 3 (or Q|) is permanently switched 

55 off and Q 2 (or Q 4 ) is alternately switched on 
and off by the pulse width modulated square 
wave so that current alternately circulates and 
is fed back to the d.c. Source 13 so that the 
load voltage can decay to track the input vol- 

60 tage. 

A typical frequency of the pulse width 
modulated square wave is 20 KHz. 

The inductor 14 ensures that current cannot 
decay instantaneously. 
65 It will be appreciated that a sine wave at 



the input 12 is merely one example of an 
input wave that could be used. If a special 
pattern of load voltage is required then the 
system will ensure appropriate control pro- 

70 vided the corresponding reference voltage can 
be generated and applied at 12. 

The circuit uses as the feedback signal at 
18 the voltage across the load 11 but it 
would also be possible to use load current as 

75 the feedback signal. That would involve a load 
current-to-voltage converter to provide a signal 
for the comparator 19. 

A control circuit of this kind is of great 
value with alightly damped load in which the 

80 drive is highly dependent on the drive voltage, 
in an alternative embodiment shown in Fig- 
ure 2 the weight and volume of the apparatus 
can be reduced by eliminating the inductor 14 
and replacing it by a capacitor 31 in parallel 

85 with the load 1 1 . The four diodes D are omit- 
ted. 

Operation is generally similar to that de- 
scribed with reference to Figure 1. However, 
there are only two modes, namely the mode 
90 where energy is supplied from the source 13 
to the load 1 1 and the capacitor 31 when the 
switches Q, and Q 4 (or Q 2 and Q 3 ) are closed, 
and a decay mode in which the voltage across 
the capacitor decays through the load 1 1 
95 when the switch 0., (or Q 3 ) is open. The vol- 
tage across the capacitor 31 is used as a 
feedback signal. 

In a further embodiment shown in Figure 3 
the load 1 1 and the switches Q, to 0 4 are as 

100 in Figure 2, but the bridge is energised from 
the DC source 13 through a transformer 33 
having a semiconductor switch 34 in series 
with its primary winding and switched in ac- 
cordance with the output of the pulse width 

105 modulator 23. A capacitor 35 is connected in 
series with a diode 36 across the secondary 
of the transformer 33 and the capacitor 35 
provides the power supply to the bridge and 
load. A potential divider 37 consisting of two 

110 resistors in series connected across the capa- 
citor 35 is used to provide a feedback signal 
at 38 to the comparator 19. 

The sinusoidal (or other) reference input sig- 
nal at 12 is fed to the comparator 19 through 

115 the modulus unit 22 so that the reference sig- 
nal at the comparator 19 is a full-wave recti- 
fied sine wave at X. The reference waveform 
12 is also supplied through a zero point de- 
tector 39 to control the switches Ql^ to Q 4 

120 through amplifiers 41 to 44, of which amplifi- 
ers 42 and 43, controlling switches 0.^ and Q 4 
act as inverters. The effect is merely that in 
positive halfcycles the reference wave 12. Q t 
and Q 4 will be on and Q 2 and Q 3 , off, 

1 25 whereas in the other halfcycles, Q 2 and Q 3 will 
be on and and Q 4 will be off. 

The signal at X at the output of the modu- 
lus unit 22 which is the reference input to the 
comparator 19 will be a fullwave rectified sine 

130 wave and that will be compared with a feed- 
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back signal at 38 of similar form derived from 
the feedback network 37 across the capacitor 
35 which is supplying the load 11. 
in alternate halfcycles the load 1 1 will be 
5 supplied from the capacitor 35 in one sense 
and in the other halfcycles it will be supplied 
in the other sense and, as with the embodi- 
ments of Figures 1 and 2 the feedback signal 
at 38 is proportional to the voltage across the 

10 load 11 and that ensures effective tracking of 
the input wave at 12. 

The circuit does not have the complicated 
switching arrangement of Figures 1 and 2 and 
the transformer 33 being a high frequency 

15 transformer, is small, light and cheap. For op- 
eration at 100 kHz it might be a 1 inch cube. 

It should be noted that in each of the em- 
bodiments of Figures 2 and 3 the capacitor 
31 or 35 needs to be care, fully chosen with 

20 reference to the load characteristics of the de- 
sired load waveform. Thus, considering Figure 
3, for example, it will be appreciated that dur- 
ing the period of each of the rectified 
halfcycles of the waveform when the slope of 

25 the waveform is negative, as much as pos- 
sible, and preferably all, of the energy stored 
in the capacitor 35 plus any added energy 
required to maintain the wave shape should 
be dissipated by the load if a discontinuity is 

30 not to occur as the bridge switches over for 
the next halfcycle. 

CLAIMS 

1 . A switching bridge circuit for driving a 
35 load from a d.c. supply in which the bridge 

includes switches controlled in accordance 
with a desired input wave form. 

2. A switching bridge circuit for driving a 
load from a d.c. supply with the switches in 

40 the bridge being controlled in accordance with 
a desired input wave form, in which a function 
of the load current or voltage is fed back and 
compared with the input wave form and a 
resulting error signal is used to control the 

45 switches, logic means being arranged to oper- 
ate the switches so that when the error signal 
has one polarity energy is fed from the load 
to the supply and when the error signal has 
the other polarity energy is drawn to the load 

50 from the supply. 

3. A bridge circuit as claimed in either of 
the preceding claims which is arranged to 
have a mode of operation in which current in 
the load free wheels in the bridge circuit with- 

55 out drawing energy from the supply or supply- 
ing energy to the supply. 

4. A bridge circuit as claimed in any of the 
preceding claims including logic means respon- 
sive to the polarity of the input wave form 

60 and arranged to ensure that the appropriate 
pair of diagonally opposite switches are used 
to control the load current or voltage in the 
respective positive and negative portions of 
the input wave form. 

65 5. A bridge circuit as claimed in any of the 



preceding claims including a pulse width mo- 
dulator arranged to control the switches in the 
bridge circuit. 
6. A bridge circuit as claimed in any of 

70 Claims 2 to 5 including logic means arranged 
in response to the sense of the error signal to 
control the operation of a diagonal pair of 
switches so that the load current alternately 
free wheels and flows to the d.c. supply. 

75 7. A bridge circuit as claimed in Claim 6 in 
which when the required load output is 
greater than the actual load output current is 
supplied to the d.c. supply whereas when the 
required load output is less than the actual 

80 load output current is drawn through the load 
from the supply. 

8. A switching bridge circuit constructed 
and arranged substantially as herein specifi- 
cally described with reference to Figure 1 , Fig- 

85 ure 2 or Figure 3 of the accompanying draw- 
ings. 

9. A switching bridge circuit for driving a 
load from a d.c. supply including means for 
supplying a reference signal defining a desired 

90 load wave form and feedback means for feed- 
ing back to a control circuit a signal derived 
from the current in, or voltage across, the 
load. 

95 CLAIMS 

Amendments to the claims have been filed, 
and have the following effect: 
Claims 1 — 9 above have been deleted. 
New claims have been filed as follows: 
100 1. A switching bridge circuit for driving a 
load from a DC supply, the circuit comprising 
a capacitor arranged to be connected in paral- 
lel with the load, a function of the load cur- 
rent or voltage being arranged to be com- 
105 pared with an externally applied waveform, 
and the resulting error signal being used to 
control switches which control the rate of en- 
ergy transfer to the load. 

2. A bridge circuit as claimed in claim 1 in 
1 10 which energy is transferred to the load via a 

switching transformer arranged to charge the 
capacitor. 

3. A bridge circuit as claimed in claim 2 in 
which the capacitor is connected in series 

1 1 5 with a diode across a secondary winding of 
the transformer. 

4. A bridge circuit as claimed in claim 2 or 
claim 3 in which the error signal is arranged 
to vary the duty cycle of the transformer. 

120 5. A bridge circuit as claimed in any one of 
claims 2 to 4 in which the function of the 
load current or voltage is derived from a sig- 
nal part way along a potential divider in paral- 
lel with the capacitor. 

125 6. A switching bridge circuit for driving a 
load from a DC supply, the circuit comprising 
an inductor arranged to be connected in series 
with the load, a function of the load current or 
voltage being arranged to be compared with 

130 an externally applied waveform, and the result- 
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ing error signal being used to control switches 
which control the rate of energy transfer to 
the load. 

7. A bridge circuit as claimed in claim 6 

5 including logic means arranged to operate the 
switches so that when the error signal has 
one polarity energy is fed from the load to the 
supply and when the error signal has the 
other polarity energy is drawn from the load 
10 to the supply. 

8. A bridge circuit as claimed in claim 7 in 
which the logic means are arranged to operate 
in response to the pofarity of the error signal 
to control the operation of a diagonal pair of 

15 switches so that the load current alternately 
free wheels and flows to the DC supply. 

9. A bridge circuit as claimed in claim 8 in 
which when the required load output is 
greater than the actual load output current is 

20 supplied to the DC supply whereas when the 
required load output is less than the actual 
load output current is drawn through the load 
from the supply. 

10. A bridge circuit as claimed in any one 
25 of the preceding claims including means re- 
sponsive to the polarity of the input waveform 
and arranged to ensure that the appropriate 
pair of diagonally opposite switches are used 
to control the load current or voltage in the 

30 respective positive and negative portions of 
the input waveform. 

1 1 . A bridge circuit as claimed in any one 
of the preceding claims in which the switches 
are arranged to he controlled by a duty cycle 

35 modulator. 

12. A bridge circuit as claimed in any one 
of the preceding claims which is arranged to 
have a mode of operation in which the current 
in the load free wheels in the bridge circuit 

40 without drawing energy from the supply or 
supplying energy to the supply. 

13. A switching bridge circuit for driving a 
load from a DC supply, the load being ar- 
ranged for connection in the crossbar of the 

45 bridge and a controllable switch located in 
each of the arms of the bridge, a function of 
the load current or voltage being arranged to 
be compared with an externally applied wave- 
form and the resulting error signal being used 

50 to control the switches, thereby controlling 
energy transfer to the load. 

14. A switching bridge circuit constructed 
and arranged substantially as specifically de- 
scribed with reference to figure 1. 

55 15. A switching bridge circuit constructed 
and arranged substantially as specifically de- 
scribed with reference to figure 2. 

16. A switching bridge circuit constructed 
and arranged substantially as specifically de- 

60 scribed with reference to figure 3. 
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